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Abstract   
The goal of this study was to determine whether differentiation between 20 visually 
similar light brown synthetic wig fibers was possible with the use of a 
microspectrophotometer (MSP).  Visually similar fibers were chosen to display the power 
of the instrument over the human eye.  An MSP is an instrument that has the ability to aid 
in the analysis of certain microscopical samples.  With this particular instrument one is 
able to collect the absorption and fluorescence spectra of microscopical colored samples 
without destroying the piece of evidence itself.  Prior to any analysis with the MSP, the 
material of the fibers was verified through FT-IR ATR, as well as their optical properties.  
Using a lab-assembled MSP the absorbance measurements were obtained perpendicular 
and on a 45-degree angle to the polarizer.  After the absorbance measurements were 
complete the fibers were then exposed to fluorescent light with UV, blue, and green 
excitation filter combinations.  No single fiber displayed the exact same spectra to another, 
allowing differentiation.  Especially when combining the information obtained through the 
absorbance measurements and the three excitation filter combinations, differentiation of 
all 20 visually similar light brown synthetic wig fibers was possible.  
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Introduction 
 Evidence traces can be anything that helps reconstruct a scene or help piece together 
what occurred in a particular case.  DNA evidence, firearm evidence, blood splatter 
evidence, are just a few examples.  Evidence traces, often called ‘trace evidence’ includes 
items that are in milligram or microgram quantities.  Evidence traces are a type of evidence 
that is comprised of many different subcategories.  Evidence consists of hairs and fibers, 
glass, soil, and even bodily fluids.  Different types of evidence get deposited in their own 
particular way.  According to Locard’s Exchange principle “any time there is contact 
between two surfaces, there will be a mutual exchange of matter across the contact 
boundary.”  Meaning, every item a person comes into contact with, a piece from them will 
be transferred onto the item and a piece of the item will be transferred onto them.  For 
example, if someone runs through a field, dirt will be left in their shoes and their hair may 
possibly be left in the grass.  Due to Locard’s Exchange principle, microscopic amounts of 
evidence, or trace evidence, is deposited throughout a crime scene.  With the proper tools 
one is able to utilize all this evidence to its fullest potential and will allow difficult scenes 
to be more easily reconstructed or complex incidents to be deconstructed (De Forest, 
Gaensslen, & Lee, 2013). 
 
A fiber is a type of evidence trace that appears in forensic casework frequently.  A 
fiber is a longer than it is wide and usually a thin piece of material.  Many fibers are 
anisotropic, meaning they have two refractive indices.  Fibers are incorporated into many 
types of materials.  Fibers are used in clothing, in rugs, car flooring, hairs and even asbestos 
are considered fibers.  Fibers are more common in our daily lives than one would think.  
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Fibers are split into different categories based on their composition.  There are natural 
fibers and synthetic fibers (Joseph, 1986).   
Natural fibers are fibers that occur in nature.  The three types of natural fibers are 
animal, vegetable and mineral fibers.  Animal fibers are composed of proteins.   A few 
examples of animal fibers include silk, wool and even hair.  Vegetable fibers are composed 
of plant materials such as cellulose, hemi-cellulose and lignin.  Some examples of 
vegetable fibers include cotton, hemp, and flax.  And lastly mineral fibers are composed of 
minerals.  An example of a mineral fiber is asbestos (Robertson & Grieve, 1999).   
Synthetic Fibers are fibers that are man-made.  In the case of synthetic fibers, the 
term man-made is referring to how the item was actually created, not the origin of the 
polymer.  Synthetic fibers are manufactured through a spinning process from some class 
of polymer.  That polymer can be synthetic, natural or regemental.  Synthetic polymers can 
be further divided into two categories, condensation and addition polymers.  Condensation 
polymers are composed of monomers with two functional groups.  One or more of the 
functional groups present will condense through a chemical reaction to produce a linear 
polymer.  Examples of products from condensation polymers are polyamides, aramids, 
polyesters and polyurethanes.  Addition polymers are composed of a monomer containing 
double bonds from one or more compounds.  These compounds will add at the double bond 
to form a compound with an aliphatic carbon chain.  Examples of addition polymers 
include polyolefins and polyvinyl derivatives (Robertson & Grieve, 1999).   
Natural Polymers are divided into three subcategories, regenerated cellulosic fibers, 
regenerated protein fibers and alginate fibers.  Regenerated cellulosic fibers have been 
created through the regeneration of wood cellulose.  Examples of these fibers include 
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viscose, modal, cupro and cellulose ester.  Regenerated protein fibers have been 
manufactured from casein.  An examples of a regenerated protein fiber is Merinova.  
Lastly, alginate fibers are manufactured by spinning an aqueous solution of sodium 
alginate, or from seaweed.  Carbon glass, ceramic, ultra-fine steel and metallized yarn 
fibers are also considered natural polymer fibers (Robertson & Grieve, 1999). 
The fibers stated previously are all single component fibers.  In conjunction to 
single component fibers, there are bicomponent fibers and bigeneric fibers. Both 
bicomponent and bigeneric are fibers made of two or more different chemical compounds.  
Bicomponent fibers are composed of two variations of the same generic polymer 
compound.  The two different variations differ in thermal levels, shape, or shrinkage level.  
Bicomponent fibers can be one of three types.  There are side-by-side, sheath and core, and 
matrix/fibril bicomponent fibers.  Bigeneric fibers are composed of two more polymer 
compounds of different generic classes (Joseph, 1986). 
Figure 1 displays the breakdown of fibers into all the different subcategories 
organized in a tree style.  The natural fibers occur on the left side of the image and synthetic 
fibers occur on the right side of the image.  The fibers of focus throughout this research 
appears under the polyvinyl derivatives in the synthetic-polymer portion of the diagram. 
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Figure 1. A tree diagram displaying the different categories and subcategories of fibers. Figure reprinted 
from Forensic Examination of Fibres (page 2), by Robertson, J., & Grieve, M. (1999)Philadelphia: Taylor 
and Francis. 
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The focus of the following research consists of modacrylic fibers.  Modacrylic 
fibers are composed of repeating acrylonitrile units.  These -CH2CHCN- units are the 
building blocks of both acrylic and modacrylic units.  Figure 2 displays the structure of a 
single acrylonitrile unit (Joseph, 1986).   
 
Figure 2: Structure of an acrylonitrile unit.  Figure reprinted from Introductory Textile Science (5th ed.)  
(Page 125), by Joseph, M. L (1986) New York: CBS College Publishing. 
 
Acrylonitrile units are non-polar and held together by Van der Waals forces.   The 
difference in structure between modacrylic and acrylic is the percentage of the fiber that is 
composed of acrylonitrile units.  Modacrylic fibers are composed of 35-85% of 
acrylonitrile units.  While, acrylic fibers are composed of 85% or greater acrylonitrile units.  
Because the fibers are not completely composed of acrylonitrile units, there are other 
polymers used in the manufacturing of modacrylic fibers.  Some other polymers that are 
used include: acrylamide, methylcrylate, vinyl acetate, vinyl pyridine, acrylic acid, and 
sodium vinylbenzene sulphonate.  Modacrylic fibers are manufactured through a solution 
spinning process, delustred and then processed into fibers (Robertson & Grieve, 1999).  
Delustering is the process of adding chemicals to the initial solution before the fiber is 
spun, in order to alter the appearance of the fiber. With the addition of these chemicals the 
fiber will appear delustred, or will reflect less light, that it originally would causing the 
fiber to appear less shiny (Joseph, 1986).  Modacrylic fibers are considered to have 
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moderate tensile strength compared to fibers such as nylon and polyester (Robertson & 
Grieve, 1999). 
A wig is an accessory that aids a person in concealing the fact that they are bald, 
their hair is thinning, for fashion or various other reasons.  Wigs have been used for 
centuries.  The word wig first appeared in the English language around 1675, although 
ancient Egyptians wore wigs as early is 3000 B.C. to shield their heads from the sun 
(Banka, Bunagan, Dubrule, & Shapiro, 2012).  Louis XIII of France and Queen Elizabeth 
I are two historical figures who both utilized wigs for different reasons.  In 1624, Louis 
XIII of France went bald prematurely and used wigs to cover the fact that his head was 
hairless.  Queen Elizabeth I was known to have more than 80 different wigs.  Wigs today 
are also used as pieces for legal purposes, religious purposes and even in the theatre.  
Interesting enough wigs are actually prescribed by doctors to patients suffering from illness 
that has baldness as a side effect.  Congenital dystrophy of the skin, alopecia, and extensive 
scarring after trauma are some examples of disorders that doctors can prescribe wigs for 
the people thus affected.   One could possess a wig made with real hair, or a wig made with 
synthetic fibers.  A wig composed with real hair is made from donated hair. It is usually 
European, or Asian hair, and even from animals such as a yak.  Synthetic fiber wigs can be 
made of polymers such as acrylic or modacrylic (Cheesbrough, 1989).  There are two ways 
that wigs can be made.  The first starts with a hard or soft base with very small holes in it.  
The hair is then threaded through the holes and knotted on the inside of the base.  An 
alternative method involves a polyurethane swiss lace base.  The hairs are injected into the 
base in order to fashion them into place.  In either case the wig created will not permanently 
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hold the hairs in place Therefore, if a person commits a crime is wearing a wig, there is a 
possibility they will leave fibers at the scene of a crime (Banka et al., 2012).   
 Modacrylic is used to make items other than wigs.  Modacrylic is known for its 
flame-retardant properties.  Articles of clothing such as socks gloves, helmet liners and 
other winter-type clothing have all been made of a specialized yarn that is modacrylic.  A 
group of researchers made a series of clothing items out of a special blend of modacrylic 
Protex fibers and cotton fibers.  They then subjected this series of clothing to an open flame 
and observed what occurred.  They found that most of the articles were resistant to this 
open flame, as well as residual burning and smoldering (Shkola, 2015).  There are a few 
common procedures used to determine whether a fiber is composed of modacrylic.  A 
simple solubility test can aid you in discriminating between acrylic and modacrylic.  This 
is done by dissolving the fiber in dimethylformamide and if the fiber dissociates in the 
liquid it is modacrylic and if it is insoluble it is acrylic (Note, 2014).  There are also 
microscopical and instrumental methods available that help confirm the identity as either 
acrylic or modacrylic fibers.  
 
One type of microspectrophotometry is the method of analysis under the UV-Visible 
spectroscopy branch of instrumental analysis.  The microspectrophotometer (MSP) is an 
instrument that is capable of measuring the absorption of radiation in microscopical 
samples.  With the use of the MSP you are also able to characterize any fluorescence an 
object emits.  Some MSPs are able to make measurements over both the ultraviolet and 
visible regions of the spectrum.  Measurements in the ultraviolet region of the spectrum 
are only possible if the optics in the instrument itself so permit.  Because glass will absorb 
in the ultraviolet region, quartz or reflecting optics are necessary if measurements in the 
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ultraviolet region are desired.  Due to this factor, most forensic work only utilizes the 
visible region of the spectrum.  MSP is both quick and nondestructive and can be used for 
the analysis of colored trace evidence that appears in casework.  MSP measures the 
radiation that is absorbed by the bonding electrons in the desired material.  The MSP will 
take these measurements are every wavelength, when all the different measurements are 
placed together a spectrum is created (Robertson & Grieve, 1999).   
 
The history of the MSP started in 1927 when Habich and Ufer first characterized 
different minerals based on their absorption spectra.  Between 1936 and 1940 an MSP for 
biological use was developed.  In 1959 the forensic examination of fibers was described 
by Amster and in the 1960’s Piller constructed the UMSP1. By 1979 the MSP was used 
for analysis of organic and inorganic crystals, paper, plastic particles, fibers, biological 
uses and more.  It can still be used for all of the purposes described then and more 
(Robertson & Grieve, 1999).   Some popular uses for the MSP today in terms of trace 
evidence are the discrimination between colored paint, glass, and fiber samples. 
 
The MSP itself is capable of measuring the absorption of radiation.  Absorbance is the 
process by which a sample takes in the electromagnetic energy generated by a particular 
source.  The atoms, ions or molecules that makeup the sample are transformed from their 
original ground state to an excited state.  According to quantum theory the amount of 
energy that is taken into the particles during absorption will match the energy difference 
between the ground state and the excited state.  Meaning there is no net loss of energy in 
the overall absorption process.  Absorbance is a mathematical transformation of its actual 
measured transmittance.  An initial dark current is measured, then the light passing through 
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the mounting materials with no sample present is taken (I0) and then the amount of light 
that passes through the material is measured (I).  I0 is also considered 100% transmittance.  
The ratio between I/I0 is equal to transmittance, represented in a percentage.  In order to 
obtain absorbance measurements, the negative log of the transmittance is taken, thus giving 
absorbance.  Each material will have its own unique energy differences, making 
characterization of different materials possible.  The process of absorption is shown in the 
Jablonski plot in Figure 3 (Skoog, Holler, & Crouch, 2007).  
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Figure 3. A Jablonski Plot, displaying the change in energy state of electrons that occurs during both absorption and 
fluorescence. Reprinted [or adapted] from Principles of Instrument Analysis (6th ed.) (Page 154), by Skoog, D. A., 
Holler, F. J., & Crouch, S. R. (2007)Canada: Thomson Brooks Cole. 
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Fluorescence is another measurement that MSP is capable of performing.  
Fluorescence is the light given off by a substance after it has been excited by radiation.  
Due to Stokes’ Law the wavelength of the light given off by the substance is usually longer 
than the wavelength of light that was used to excite the substance.  The process of the 
substance giving off this light is also known as emission or fluorescence.   In fluorescence 
there is a loss of energy from the exciting energy to the emitting energy.  A scientist is able 
to measure both the excitation of the molecules in the substance, as well as the emission of 
radiation (Holz, n.d.). There is also a phenomenon called resonance fluorescence.  During 
this process the exciting radiation is absorbed and the energy that is emitted displays no 
change in frequency.  Meaning, if the wavelengths of 579 and 675.2 nm are absorbed by 
the sample, those are the two wavelengths emitted by the sample (Skoog et al., 2007). 
 
Fourier Transform Infrared Radiation (FT-IR), is an instrumental method that is 
used to measure the changes in vibrational or rotational energies of molecules.  These 
changes will only occur when a molecule absorbs IR radiation and the results from a change 
in the dipole moment of the molecule itself during a vibration.  The changes in vibrational 
and rotational energies are divided into the stretching and bending.  Stretching consists of 
symmetrical and asymmetrical stretching.  Bending consists of in-plane rocking and in 
plane scissoring, as well as out of plane rocking and out of plane scissoring.  Through the 
stretching and bending of the molecules each compound will produce different bands 
depending on its chemical composition.  For example, a CºN bond will appear between 
2210-2280 cm-1.  The different bands that are produced can be combined to create the 
molecules own unique spectra.  Through this unique spectrum identification of the 
compound is possible.  Using what is known as the fingerprint region, 650-1250 cm-1, even 
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complex spectra are able to be deconstructed and their identities are able to be discovered 
(Skoog et al., 2007).    
 
There are a vast number of dye types available for use today.  Examples include: 
vat, acid, basic, dispersive, and reactive.  Acid dyes are applied in the presence of an acid, 
such as sulfuric acid.  Acid dyes are usually used on protein fibers and they have no affinity 
for cellulosic fibers.  Basic dyes are salts made up of colored organic bases.  The part of 
the salt that contains the color pigment is positively charged.  There are four main 
categories: triphenyl methane derivates, azines, zanthene, and mauveine.  Basic dyes are 
good for use with acrylic fibers.  Dispersive dyes can be broken into two categories azos, 
either monoazo or diazo, as well as anthraquinone.  Fabrics that are to be dyed with 
dispersive dyes require a preparation in order for the dyes to hold.  Dispersive dyes can be 
used on acetate, acrylic, aramid, modacrylic, nylon, olefin, polyester, saran, and triacetate 
fibers.  Vat dyes can be broken into two main categories, indigold and anthraquinoid.  Both 
are insoluble in water.  Vat dyes are primarily used on cellulosic fibers such as cotton and 
rayon.  However, they will not work unless the fabric that is to be dyed is bathed in a leuco 
bath, making them soluble in an alkaline environment.  During this bath a =C=O bond is 
reduced to a ºC-O-H, making them soluble in sodium hydroxide. And lastly, reactive dyes 
are primarily used on cotton fibers but can also be used on man-made cellulosic fibers and 
wool.  Reactive dyes work in the same function as dispersive dyes, relying upon a reactive 
molecule.  The reaction starts with a fiber molecule, it is combined with a reactive coupling 
agent and then the dye is able to adhere to the fiber itself.  Examples of coupling agents 
used in this process include mono-, di-, or trichlorotriazinyl, pyrimindine derivatives as 
well as vinyl sulfonate.  The major problem that occurs to fibers that have been dyed with 
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reactive dyes is that they are very susceptible to damage from chlorine bleaching (Joseph, 
1986).   
 
Literature Review 
 As stated earlier the MSP is used to examine materials other than fibers, for 
example is for glass fragments.  Green glass fragments from 25 different glass bottles were 
collected and used to see if differentiation is possible.  Using a Craic Quantum Detection 
Instrument (QDI) 1000 ultraviolet-visible platform with a 100W mercury arc lamp.  MSP 
was shown to create reproducible visible absorbance data from samples that have an 
irregular shape.  It was also shown that MSP aids in discrimination of samples that appear 
visually similar (Eyring, Hoang, & Lovelace, 2014). 
 
A presentation given by Millett, Comanescu, and Kubic on several different 
occasions, including Eastern Analytical Symposium in 2017, InterMicro in 2016/2017, as 
well as the Northeastern Association of Forensic Scientists meeting in 2016 also, shows 
the power of the MSP to differentiate between colored glass fragments.  The researchers in 
this case used the MSP to observe blue glass fragments from different bottles of different 
brands and the same brand that appeared visually similar.  For example, two Bud Light 
bottles and three Alzeyer Romerberg bottles were used as well as other different brands.  
The research was performed using a polarizing light microscope equipped with an Ocean 
OpticsÔ miniature fiber optic spectrometer.  It was shown that this instrument was able to 
differentiate between not only different brand bottles but as well as the bottles from the 
same brand (Millett, Comanescu, & Kubic, 2017). 
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 Paint is another example of a material that can also be analyzed using the MSP.  23 
blue metallic car paint samples from actual car accidents were obtained and used in a study.  
Using a Craic QDI 2010 UV-vis -NIR microspectrophotometer 10 measurements from 
each sample were taken according to Australian federal police protocol.  In this research 
MSP was combined with hyperspectral imaging (HSI).  In this case the HSI was found to 
produce better results (Lin et al., 2016). 
 
 Research on distinguishing fibers types from one another is something that has been 
ongoing for quite some time.  In 1983 Kubic, King, and DuBey used fluorescence 
microscopy to aid in the analysis of colorless fibers.  The researchers in this case used a 
fluorescence microscope equipped with a Farrand Optical Microscope Spectrum Analyzer 
(MSA)* microspectrofluorometer.  40 different fibers were observed using transmitted 
illumination, simultaneous transmitted and incident UV illumination.  The results of this 
research showed that the fluorescent microscope and microspectrofluorometer easily 
differentiated between pairs of fibers that were difficult to distinguish between using the 
usual practices at the time (Kubic, King, & DuBey, 1983).   
 After some years had passed and equipment and technology had improved the rise 
and exploration of UV-VIS and Fluorescence microspectrophotometry (MSP) had begun.  
These are two instrumental methods that have been used to aid in the task of differentiating 
between different fiber types.  UV-VIS MSP was already discussed at length in the 
beginning of this section.  For one particular case the researchers looked at dyed and 
undyed cotton, polyester, acrylics, and nylon fibers.  The MSP used was a QDI 1000 
microspectrophotometer by CRAICÔ and the GRAMSÔ software was used for data 
acquisition. For the comparative portion of this experiment four yellow fibers of different 
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types were selected at random.  The fibers chosen appeared visually similar to the 
researchers performing the analysis.  The chosen fibers were then analyzed using principal 
component analysis (PCA) and linear discrimination analysis (LDA).  The use of 
multivariate statistics in this case showed that using the two methods in combination with 
one another discrimination of the yellow fibers is possible.  The researchers also reported 
that fluorescence may be a better discriminating tool in comparison to absorbance for the 
sample set used in this research (Morgan et al., 2004). 
 Now that it has been shown the MSP may be useful in differentiating fibers from 
one another.  The next step is to test out all fiber types, colors, and use other methods in 
conjunction with MSP to get a feel of its power as a differentiating tool.  Cotton is a fiber 
that is very prevalent today. More than just clothes are made of cotton, and more often than 
not these cottons are dyed in some fashion.  Because cotton is so prevalent it seemed like 
a good starting place.  Cotton fibers were obtained from CibaÔ.  Spectra were obtained 
using a 20/20 PV microspectrophotometer from CRIACÔ.  The spectra were collected 
between 200 and 800 nm.  This research showed that all the cotton fibers dyed with reactive 
dyes originating from one manufacturer were able to be distinguished between one another.  
A majority of them were distinguishable in the visible range and some had characteristics 
in the UV range as well (Was-Gubala & Starczak, 2015b). 
 Thirty-one red reactively-dyed wool fibers, twenty-six black reactively-dyed fibers, 
and forty- two blue reactively-dyed fibers were all obtained from the FSS Fibre Data 
Collection.  These colored fibers were then analyzed using three different instrumental 
methods to determine whether the fibers are indistinguishable from one another.  The first 
being comparison microscopy, the second UV-VIS MSP and lastly Thin Layer 
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Chromatography (TLC).  The fibers were viewed with a comparison microscope using 
transmitted light in order to determine any possible visual matches.  For the red wool fibers 
this led to 68 pairs, for the black cotton fibers this led to 10 pairs, and for the blue cotton 
fibers this led to 49 pairs.  After the matches were made using the comparison microscope, 
visible microspectrophotometry was employed in order to further differentiate the 
determined pairs.  After visible MSP the red group was left with 15 pairs, the black group 
was reduced to 8 pairs and the blue group was left with 19 pairs.  After visible 
microspectrophotometry, UV MSP and TLC were used to further differentiate.  The red 
wool fibers were reduced to the same four matching pairs using UV MSP and TLC 
independently.  For the black fibers no further reduction of pairs was possible with the use 
of TLC and UV MSP.  The blue fibers that remained were reduced to the same 16 pairs 
with the use of UV MSP and TLC independently (Wiggins, Holness, & March, 2005).  The 
researchers in this case established the power of combining different methodologies in 
order to determine whether different fibers have a common origin or not.  
 Research performed using UV-VIS MSP in conjunction with TLC was performed 
by Suzuki, Suzuki, and Sugita.  These researchers used three visually similar yellow wool 
fibers for the basis of their analysis.  They began with a microspectral analysis using an 
MPM-800 microspectrophotometer equipped with a quartz light path for both UV and 
visible analyses.  Next, dye extraction and TLC were performed.  It is important to note 
that extraction of the dye present in the fiber is necessary in order to perform TLC.  The 
results for this experiment showed that differentiation between all three samples was 
possible using both UV and visible MSP as well as TLC.  A very important note these 
researchers stated regarding the use of MSP versus TLC is that MSP is nondestructive, 
while TLC is a destructive method (Suzuki, Suzuki, & Sugita, 2010).  This is very 
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important in the forensic world due to the fact that most of the time the amount of sample 
is very limited.  More often than not your evidence contains one or two fibers.  If the 
primary method of analysis is destructive, that leaves that amount of information obtained 
from that sample to be very limited.  If the sample is destroyed, the scientist that performed 
the original analysis, as well as any other scientist are not able to go back and reanalyze 
this evidence if it has been consumed. 
 Interesting enough the use of MSP on dyed human head hair is a possible 
discriminating tool.  In this case twenty-five dyed hairs of dark brown (1), medium brown 
(3), light brown (3), lightest brown (4), dark blonde (4), medium blonde (5), and light 
blonde (5) were all obtained.  All the hair samples were washed and dyed in the same 
manner.  Five hairs from each of the types stated above were selected at random for the 
microspectral analysis.  A CRAIC QDI 2000 microspectrophotometer was used to obtain 
absorbance spectra of the selected samples.  The original hair color was shown to have a 
large effect on the spectra of the dyed fiber.  It was shown that the lighter colors had a 
cleaner spectrum, while the darker colors had spectra with shouldering.  It was shown that 
differentiation is possible but there are outliers in the same sample populations.  A 
limitation of this work is the fact that the originating hair color has a large effect on the 
spectrum, as well as the fact that one is not able to determine molecular make-up of the 
dye itself using the MSP.  Another instrumental method would need to be employed in 
order to make that determination (Barrett, Siegel, & Goodpaster, 2011) 
 The use of Raman spectroscopy in conjunction with the MSP is able to provide 
information not only of the absorption spectra but also information on the identification of 
dyes.  The purpose of the research in this case was to determine the possibility of 
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identifying all the different components of the dyes used.  The researchers collected five 
woven polyester fibers, eleven knitted cotton fibers, and twenty-five individual dyes in 
powdered form.  The two fiber types were dyed in a way that was specific to the type of 
material of which they were composed.  Different materials cannot be dyed the same way 
due to their chemical structures.  Raman spectra were collected using a Renishaw inVia 
spectrometer equipped with Ar ion, He-Ne, and Near IR excitation sources.  The absorption 
spectra were collected with a 20/20 PV microspectrophotometer from CRAIC.  There were 
several important conclusions made by the researchers, the first being that using Raman to 
identify lightly colored polyester and cotton fibers is difficult.  For both the polyester and 
cotton fibers, either a single component or no components at all were identified in the 
Raman spectra.  Next, polyester fibers give better spectra in the visible region as opposed 
to the UV region, where its absorption is strong.  However, they also state that 
discrimination between fibers is limited due to dying processes in the cotton fibers and 
slightly dyed polyester fibers  (Was-Gubala & Starczak, 2015a).   
Another method that has been shown to be useful in differentiating dyed fibers and 
hairs is capillary MSP (cMSP).  cMSP involves the use of flat borosilicate capillary tubes.  
These tubes have parallel top and bottoms, a reproducible thickness and a rectangular cross 
section.  A solution of the dye of which you wish to obtain a spectrum is then placed into 
the capillary and the absorption spectra is taken with the MSP.  In this case powdered 
samples were used to make solutions of known concentrations for a proof-of -concept 
validation.  Dyed fibers were obtained from Microtrace LLC’s reference collection.  The 
spectra obtained through the cMSP were compared to the spectra obtained by a UV/VIS 
spectrometer.  Through this comparison it was shown that although the spectra from each 
instrument can be about 4nm different from one another, one is still able to use the spectra 
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taken by the cMSP to compare to traditional UV/VIS spectra (Hargrave, Palenik, Groves, 
Beckert, & Palenik, 2016).  Using this information, one is able to potentially extract dye 
from a given fiber and obtain a spectrum using a cMSP if available.  It will then be possible 
to take that spectrum and compare it to a spectrum obtained from a different lab that only 
uses traditional UV/VIS spectrometry to obtain spectra.  Allowing comparison between 
laboratories with different equipment.  Using the extracted dye TLC is also another 
possible step in collecting information that will aid in characterization of any given fiber. 
 A thesis project located during my literature search revealed objectives very similar 
to what I personally was investigating throughout the course of my research.  In this case 
the researcher obtained fifty synthetic wigs from several different manufacturers.  These 
wigs consisted of thirty-one brown, six black, and thirteen blondes.  Optical properties 
along with cross-sections were first examined.  Then FTIR and TLC analysis was 
performed.  The researcher in this case concluded that methods available today used in 
combination with one another are useful in the quest of characterizing and comparing 
different commercial synthetic wig fibers (Joslin, 2014). 
 When a fiber comes across your desk during casework as a forensic scientist it is 
important to be able to determine quickly whether that fiber is a human head hair, animal 
hair, or a synthetic wig fiber.  The purpose behind the following reported research was due 
to the fact that there was an increase in number of wig hairs that were submitted for 
evidence examination as ‘apparent hairs’.  Once a fiber is submitted as an ‘apparent hair’ 
the hair protocol is initiated, and the hair is sent for DNA analysis, if deemed acceptable.  
When this occurs with a fiber rather than a hair, there is a waste of resources.  Sixty-two 
fibers from a total of thirty-three non-costume synthetic wigs were obtained to perform 
 
 
 
 
20 
analysis.  All fibers were photographed under a Leica MZ16 stereomicroscope.  After that 
the macro and microscopic properties of each were examined using a polarized light 
microscope.  Then scale casts were taken of each fiber, viewed using a comparison 
microscope and photographed.  Cross sections were also taken and viewed under a 
polarized light microscope.  And lastly FT-IR and MSP analysis was performed on all the 
samples.  (Long, Walbrige-Jones, Lundgren, 2014).   According to SWGMAT protocols a 
hair will be submitted for DNA when it has been deemed a good source.  Hairs can be sent 
for either mitochondrial DNA analysis or nuclear DNA analysis.  Hairs that are good for 
mitochondrial DNA analysis are telogen hairs, while anagen hairs are good for nuclear 
DNA analysis due to their abundance of cells (SWGMAT, 2005). 
Another important variable in UV-Visible microspectrophotometry is the slide 
material in which your sample is mounted, as well as the mounting medium.  A study was 
done to compare mounting materials for MSP application.  The researchers in the 
experiment tested glass and quartz slides, along with XAMÔ, a type of mounting medium, 
and glycerin.  The combinations that were tested include: glycerin on quartz, XAMÔ on 
quartz as well as glycerin on glass and XAMÔ on glass.  These different combinations 
were tested on both colored and colorless fibers in both the UV and Visible ranges.  The 
results demonstrated that for colored fibers the use XAMÔ on glass slides can be used to 
analyze samples in the visible range, 320-770nm, as opposed to 380-770nm with glycerin 
and glass.  While glycerin and quartz can be used to analyze samples over both the UV and 
visible ranges if the fiber is suitable for UV analysis.  Wool, silk, polyester and some 
acrylics are not optimal for UV analysis.  The information that is able to be obtained with 
UV-VIS MSP will depend on the fiber type along with the dye and mounting materials 
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used to visualize the fiber itself (Almer, McAnsh, & Doupe, 2010).  Paying close attention 
to mounting materials and what wavelengths you are trying to observe and collect are very 
important.  If you are using glass slides and would like to look at the information present 
in the UV range of the spectrum, you will have no data because glass absorbs and blocks 
UV radiation.  Compatibility of wavelength and mounting materials is pertinent in order to 
visualize the information that is present in your region of interest. 
The instrument used in the following research is not a commercial MSP.  Therefore, 
common procedures and methods are not entirely applicable to this research.  A 
methodology was developed through the use of the spectrometer manual and the manual 
for the microscope.  This will be further explained in the materials and method section.  
The idea that the true power of the MSP is to differentiate between synthetic wig 
fibers that appear visually similar with use of absorption spectra is under represented in the 
current literature surrounding this topic.  Therefore, the goal of this research is to determine 
the power of the MSP in differentiating between dyed fibers that appear visually similar to 
the human eye.  
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Methods and Materials  
Sample Acquisition  
Samples were obtained from a previous case investigated by Dr. Kubic.  The fibers 
are from the company KankekalonÔ.  All 20 fibers were light brown in color and chosen 
because they appear visually similar.  A few of the fibers selected are nearly 
indistinguishable through observation when a single fiber is viewed.  An image of the 
chosen fibers appears below in Figure 4. 
Figure 4: Fibers 1-20 selected for use throughout this research. 
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There were three controls used, a blonde, black and red hair shown below in Figure 5.   
  
 
 
 
 
 
 
  
               Figure 5: Fibers 21-23 were selected as controls.   
Approximately 15-20 fibers from each swatch were cut from the original source and placed 
into a glassine envelope with a number on it.  The key as to which fiber is which appears 
in appendix A.  After the samples were assigned their respective numbers, and analysis 
began.  A few of the fibers were used to perform the FTIR-ATR analysis and the optical 
properties analysis and three were mounted on glass slides.  Fisherbrand slides catalog 
number 12-550-A3, certified ACS Fisher Scientific glycerin lot number 122103, Corning 
cover glass 22x22mm catalog number 2865-22 were all used to mount each sample.  For 
microspectrophotometric analysis a mounting medium that has low to no visible or 
ultraviolet fluorescence is necessary.  To meet this requirement glycerin was the mounting 
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medium chosen.  Three fibers from each sample were mounted onto a single slide.  These 
mounted fibers were used to perform the absorbance and fluorescence studies (SWGMAT, 
2011).  Because the fibers used are synthetic, there was no IRB approval necessary for this 
research. 
Modacrylic Verification  
FTIR-ATR 
Using a Nicolet iS10 FTIR with a Smart iTX diamond ATR attachment, the ATR 
portion of this work was performed.  The Nicolet iS10 used contained a Glowbar IR source, 
DTGS KBr detector and a KBr beamsplitter.  The instrument was set to 124 scans, a 
resolution of 8 and to display the collected spectra in absorbance.  First a background was 
taken, then the instruments calibration was checked with a polystyrene standard.  Both the 
background and the polystyrene standard appears in Appendix B.  The ATR spectra of each 
fiber were taken with a new background before each fiber.  Approximately 5-6 fibers were 
placed onto the ATR itself when the spectrum was being taken.  The advanced ATR 
correction on Omnic was applied to each spectrum, as well as a baseline correction.  The 
spectra were saved as both .SPA files and .PNGs on a flash drive for later analysis. 
Optical Properties 
Using a polarized light microscope, the optical properties of each fiber were 
observed.  The first property is sign of elongation.  This is performed by orienting the fiber 
parallel to the slow ray of the compensator, or in quadrants one and three according to the 
cartesian plane.  Under crossed polars insertion of a full wave plate and observation of the 
color change that occurs.  If the observed color change is an increase in order of color 
according to the Michel Levy Chart that is indicative of a positive sign of elongation.  And 
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if the observed color change is a decrease in order of color according to the Michel Levy 
Chart that is indicative of a negative sign of elongation.  For example, if you see a color 
change from first order yellow/ gold to red, when using a full wave plate, that is a negative 
sign of elongation.  Or if the color changes from first order yellow/gold to blue, when using 
a full wave plate, that is a positive sign of elongation.  The next property is retardation.  To 
determine this quality, you must first orient the fiber perpendicular to the slow ray, if it had 
a negative sign of elongation it stays in quadrants one and three, if it is positive you must 
change it to quadrants two and four.  Once the fiber is oriented in the proper direction, 
under crossed polars slowly insert a quartz wedge until you observe the inside, thickest 
part, of the fiber turns a dark-grey or black color.  Make note of the background color and 
then count the number of times that color appears as you pull out the quartz wedge.  For 
example, if you see yellow twice as you pull out the quartz wedge it is a second order 
yellow fiber.  The next optical property is thickness that can be measured using the 
crosshair and scale in the ocular of the microscope.  However first you must calibrate the 
ocular scale.  To do this, you take a stage micrometer and line it up to the crosshairs.  Then 
count how many lines on the stage micrometer are in between two matching the lines of 
the cross hairs. The stage micrometer is 1.0 mm, marked into 100 units, therefore each unit 
is 0.01mm or 10 µm.  
Birefringence was measured next.  This can be done two different ways.  The first 
would be to use the Michel Levy chart to find approximate birefringence.  Or the following 
equation can be used to calculate birefringence: 𝐵 = #$%%%&'()(*∗,.  The ‘r’ in the numerator 
is where the retardation would be inserted and the ‘t’ in the denominator is where the 
thickness, in µm, is inserted.  Extinction was the last optical property measured.  Extinction 
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is the position the fiber is oriented under crossed polars where it turns completely dark in 
relation to the polarizer.  If it goes extinct when it is parallel to the polarizer and analyzer 
it is said to have parallel extinction.  Extinction can also be expressed as an angle.  These 
characteristics were chosen because they are acceptable standards according to ASTM & 
SWGMAT standards (SWGMAT, 2005) (ASTM E2228, 2019).  Using the results of all 
these properties one is able to determine the type of fiber that is being examined. 
Instrumentation 
All spectra were obtained using an in lab-assembled MSP.  This MSP contained all 
the components a commercial MSP would have.  This consists of a microscope, source(s), 
spectrometer, and a computer.  The microscope used was an Olympus BH fluorescence 
light microscope with vertical illumination fluorescence microscope equipped with a 
polarizing transmission light source.  The source for the absorbance portion was an Osram 
20W halogen lamp.  The source for the fluorescence portion was an Osram 100W Super 
Pressure mercury lamp.  The spectrometer used was the Ocean Optics USB2000+ 
spectrometer.  The spectrometer consists of a SMA connector, a slit, a filter, a collimating 
mirror, a grating, focusing mirror, detector collection lens, a detector and LVF filters.  The 
SMA connector is responsible for allowing the input from the microscope into the 
spectrometer itself.  After this, the slit is mounted directly behind the SMA connector.  The 
slit is responsible for regulating the amount of light that enters the spectrometer and dictates 
the optical resolution.  The filter is responsible for allowing predetermined wavelengths of 
light into the remaining portion of the spectrometer.  The collimating mirror focuses the 
light that has passed through the filter towards the grating.  Before the mirror the light 
passes through the different components of the spectrometer, until it reaches the 
collimating mirror where it is reflected towards the grating.  The grating diffracts the light 
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from the collimating mirror and directs it towards the focusing mirror, where the light is 
then focused onto the detector plane.  Before the detector is the detector collection lens, 
this is responsible for increasing light-collection efficiency.  This is done by focusing the 
light onto shorter detection elements.  The detector, a 2048-element linear silicon charge 
coupled detector device (CCD) array, works by each pixel on the detector responding to a 
particular wavelength.  This wavelength is the wavelength of light that hits the pixel itself.  
Once the light hits the pixel a response occurs, this response is then sent to the software 
which produces an output in the form of a spectrum.  The last components of the 
spectrometer are the Optional linear variable filters (LVF).  Their function is to separate 
the excitation and the fluorescent energy being introduced into the spectrometer.   This 
spectrometer has the option of 14 different grating options depending on the model.  This 
model utilizes a #3 grating, separating 600 lines per millimeter.  The spectrometer has a 
wavelength range of 200-1000 nm and has the optical resolution of 0.1-10.0nm.  The 
spectrometer is connected to the microscope through the trinocular head with a fiber optic 
cable and was connected to the laptop through a USB cable.  Lastly, the computer used 
was a Dell Laptop with the OceanView software.  This software was recommended by 
Ocean Optics in their Manual to be used with the spectrometer itself.  The software allows 
visualization and collection of the spectra that were being obtained (Ocean Optics Inc., 
2010).  An image of the lab assembled MSP appears in Figure 6. 
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Figure 6: The assembly of the Olympus BH microscope with the fiber optic cable (blue), as well as the 
spectrometer and the mercury arc lamp. 
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Absorbance  
The MSP was operated with the spectra displayed in absorbance.  Before taking 
any spectra, the microscope was turned on.  Once the software was initiated, and the 
parameters were adjusted to create the curve that appeared similar to a standard bell curve.  
The purpose behind this step is to ensure the source is working properly.  The source for 
this particular study is considered a blackbody radiator.  The output generated by a properly 
functioning blackbody radiator will produce a shape similar to a bell curve.  The top of the 
curve was adjusted to reach approximately 60,000 intensity units.   Once that was achieved, 
a dark spectrum was taken by cutting off all light going to the spectrometer itself.  After 
the dark spectrum a slide with glycerin was placed under the microscope and a reference 
spectrum was taken.  After the reference spectrum a didymium standard was taken using a 
Hoya Intensifier filter.  According to the manufacturer’s website it is a glass containing 
didymium. Figure 7 represents the reference spectra obtained with the MSP and Figure 8 
shows the spectra provided by the manufacturer on their website.  Following the red 
intensifier line in Figure 8 one is able to see that the peaks of the two spectra are consistent 
with one another. 
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Figure 7: Didymium standard taken with the MSP 
 
Figure 8: Spectra provided by the manufacturer.  The red ‘Intensifier’ line is the standard that was used. 
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  After all this was complete the MSP was ready to start taking spectra of value 
assuming all calibrations were verified.  Because the optics in the MSP were glass, 350-
800nm is the useful range in this case.  An Olympus UVFL 20x objective was used.  This 
was chosen due to the fact that the fibers looked the best visually using that objective 
compared to the others available on the nose piece.  The spectra were taken with the fiber 
oriented perpendicular to the polarizer and at a forty-five-degree angle to it.  The spectra 
parallel to the polarizer were visually similar to perpendicular to the polarizer and therefore 
were not collected.  Because there were three fibers from each sample were mounted 
onto a single slide, five spectra per fiber at different locations were taken totaling 15 spectra 
per sample.  According to Scientific Working Group for Materials Analysis (SWGMAT) 
standards the different locations in combination to the 10 scans is sufficient in order to 
obtain a representative mean absorbance curve of the data (SWGMAT 2011).  The 
parameters used for each fiber are summarized in Table 1 and Table 2. 
 
Table 1: Parameters for Spectra Perpendicular to the Polarizer 
Fiber-Perpendicular 
to Polarizer 
Integration Time Scans Smooth 
1 900 15 10 
2 900 15 10 
3  900  15 10 
4 900 15 10 
5 900 15 10 
6 700 15 10 
7 700 15 10 
8 700 15 10 
9 700 15 10 
10 600 15 10 
11 600 15 10 
12 500 15 10 
13 500 15 10 
14 450 15 10 
15 800 15 10 
16 800 15 10 
 
 
 
 
32 
17 800 15 10 
18 800 15 10 
19 900 15 10 
20 800 15 10 
21 1000 15 10 
22 1300 15 10 
23 400 15 10 
AVG 763 15 10 
 
Table 2: Parameters for Spectra on a 45-Degree angle to the Polarizer 
 
The integration times differed from fiber to fiber in order to keep the absorbance 
below 2.0.  The spectra were saved as CSV files onto a flash drive.  The CSV files were 
then converted into spectra using OMNICÔ software.  Once in OMNICÔ  the spectra were 
Fiber- on a 45 
Degree Angle 
Integration Time 
(ms) 
Scans Smooth 
1 80 12 10 
2 100 12 10 
3 80 12 10 
4 80 12 10 
5 130 12 10 
6 100 12 10 
7 100 12 10 
8 100 12 10 
9 100 12 10 
10 80 12 10 
11 80 12 10 
12 100 12 10 
13 80 12 10 
14 130 12 10 
15 100 12 10 
16 100 12 10 
17 100 12 10 
18 120 12 10 
19 120 12 10 
20 120 12 10 
21 100 12 10 
22 300 12 10 
23 60 12 10 
AVG 107 12 10 
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saved as a jpeg.  All spectra from the absorbance portion of this experiment appear in 
Appendix A. 
 
Fluorescence 
 The microscope was set up in a similar manner as it was for the absorbance 
measurements. Before taking any spectra were taken the microscope was turned on.  Once 
the software was started, and the parameters were adjusted to create the curve that appeared 
similar to a bell-shaped curve with the peak hitting at approximately 60,000 intensity units.  
The desired combination of excitation filter, barrier filter, and dichroic mirror, obtained 
from a kit produced by Olympus, were then placed into the microscope in the appropriate 
places and the transmitted light was blocked from the spectrometer, allowing only the 
fluorescent light. A summary of the combinations of filters used is displayed in Table 3. 
Table 3: Fluorescence Filter Combinations 
 
 
  
Once that was complete a dark spectrum was taken by cutting off all light going to 
the spectrometer itself.  After the dark spectrum the shutter allowing the exciting light was 
opened and a slide with glycerin was placed under the microscope and a reference spectrum 
was taken. A standard of Olivine was used to check the calibration of the MSP before 
fluorescence measurements were taken.  You are able to see by Figures 9 & 10 on the 
Filters Excitation 
Filter(s) 
Dichroic Mirror  Barrier 
Filter(s) 
UV Filters UG-1 U (DM-400 +L-
410) 
L-420 and 
up 
Blue Filters BG-12 (2PCS) B (DM-500 +O-
515) 
Y-495 and 
up 
Green Filters IF-545 + BG-
36 
G (DM-580 + O-
590) 
O-530 and 
up 
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following page that there was good agreement between the standard and the reference 
spectrum.  Figure 9 is displaying the Olivine standard taken with the MSP itself, Figure 10 
is displaying the reference spectra provide by the manufacturer.  Figure 11 is visually 
showing how the standard fluoresced under the fluorescent light.  
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Figure 9 (above): Olivine Standard 
taken with the MSP. 
 
 
 
 
 
Figure 10 (to the left): Olivine standard 
provided by the manufacturer. 
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Figure 11: Olivine standard fluorescing under UV excitation filters. 
 
   Once the microscope was set up, spectra for each fiber were taken.  Care was 
taken to ensure no outside light was entering the oculars, this was done by taking the spectra 
in a dark room as well as covering the oculars with a shield.  A total of 15 spectra were 
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taken per fiber.  All of the parameters used are summarized in Table 4, 5, & 6.  The ‘N/A’ 
in the tables below represents when a fiber would not fluoresce.   
Table 4: Parameters used for Spectra collected with UV Filters 
 
 
 
 
 
 
 
Table 4: Summary of Parameters used to obtain spectra collected with the UV excitation filters 
described in table 3.  ‘N/A’ represents fibers that did not fluoresce under UV light. 
   
 
 
Fiber- UV 
Filters 
Integration Time Scans Smooth 
1 150 60 5 
2 150 60 5 
3 150 60 5 
4 150 60 5 
5 150 60 5 
6 150 60 5 
7 150 60 5 
8 150 60 5 
9 150 60 5 
10 150 60 5 
11 150 60 5 
12 150 60 5 
13 150 60 5 
14 150 60 5 
15 150 60 5 
16 150 60 5 
17 150 60 5 
18 150 60 5 
19 150 60 5 
20 150 60 5 
21 150 60 5 
22 N/A N/A N/A 
23 150 60 5 
AVG 150 60 5 
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Table 5: Parameters used for Spectra collected with Blue Filters 
 
 
 
 
 
 
 
 
Table 5: Summary of Parameters used to obtain spectra collected with the Blue excitation 
filters described in table 3.  ‘N/A’ represents fibers that did not fluoresce under Blue 
light. 
 
 
 
 
 
Fiber- Blue 
Filters 
Integration Time Scans Smooth 
1 150 60 3 
2 150 60 3 
3 150 60 3 
4 150 60 3 
5 150 60 3 
6 150 60 3 
7 150 60 3 
8 150 60 3 
9 150 60 3 
10 150 60 3 
11 150 60 3 
12 150 60 3 
13 150 60 3 
14 150 60 3 
15 150 60 3 
16 150 60 3 
17 150 60 3 
18 N/A N/A N/A 
19 150 60 3 
20 150 60 3 
21 150 60 3 
22 N/A N/A N/A 
23 150 60 3 
AVG 150 60 3 
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Table 6: Parameters used for Spectra collected with Green Filters 
 
 
 
 
 
 
 
 
 
 
 
 
Table 6: Summary of Parameters used to obtain spectra collected with the Green 
excitation filters described in table 3.  ‘N/A’ represents fibers that did not fluoresce under 
Green light. 
 
Data Analysis 
 After obtaining the spectra from the different sections stated above, each individual 
spectrum was imported into the Origin ProÔ  Software in order to be displayed.  The first 
step of the data analysis was to average the 15 replicate spectra taken from each individual 
fiber.  The average spectra of each group of 15 was then saved as its own CSV file.  Then 
the average spectra of the 20 different colored fibers were normalized in order to better 
visualize any spectral differences from one fiber to another.  After normalization the 
Fiber- Green 
Filters 
Integration Time Scans Smooth 
1 150 60 3 
2 150 60 3 
3 150 60 3 
4 150 60 3 
5 150 60 3 
6 150 60 3 
7 150 60 3 
8 150 60 3 
9 150 60 3 
10 150 60 3 
11 150 60 3 
12 150 60 3 
13 150 60 3 
14 150 60 3 
15 150 60 3 
16 150 60 3 
17 150 60 3 
18 N/A N/A N/A 
19 N/A N/A N/A 
20 150 60 3 
21 150 60 3 
22 N/A N/A N/A 
23 150 60 3 
AVG 150 60 3 
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spectra that appeared visually similar were separated into different groups to better view 
any spectral differences.  
 
Results 
The first portion of verifying the fibers were modacrylic was performed using FT-
IR.  The ATR attachment was used to collect spectra and the spectra were compared to 
reference libraries.  Stated in methodology, a resolution of 8 was used, if these results were 
to be compared for casework purposes a resolution of 4 would be necessary, as most library 
standards are taken with a resolution of 4.  A few of the spectra obtained in this section are 
below, along with the library results.  Figure 12 is displaying the FT-IR ATR spectra 
obtained from fiber 6.  The spectra for all other fibers appears in Appendix B.   
  
Figure 12: FT-IR ATR spectra obtained from fiber 6. 
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 After assigning peaks it is obvious that the peaks you would expect to be are 
present.  The peaks at 1242.78 and 1358.54 are both characteristic of vinyl chloride.  The 
peak at 1736.26 is indicative of vinyl acetate.  The small peak at approximately 1590 is 
from the brown dye in the fiber itself.  The peak at 1039.55 is indicative of either sodium 
styrene sulphonate or aliphatic sulphonate depending on the band.  And the two peaks at 
2852 and 2921 are due to C-H stretches (Grieve, 1999).   
Table 7: FT-IR ATR Library Results   
Table 7: Summarizes the library results obtained from all 23 fibers with FT-IR ATR.  The Library Result column 
are the results given from the library search.  The number of matches column is displaying how many times that 
result was given.  
 
As shown, all fibers matches returned from the library results are modacrylic.  12 
of the 23 fibers returned a match to “Modacrylic Fiber, Kankealon” as stated earlier, 
Kanekalon is of the same brand of fiber I used throughout this research. Figure 13 is 
displaying an example of what the library result would look like for any given fiber.  
 
 
 
 
Library Result Number of Matches 
Modacrylic Fiber, Kanekalon, PAN/PVC/PVP 12 
Modacrylic Fiber, FR, PAN/VA/VC 10 
Kanekalon, Modacrylic PAN/PVC/PVA 1 
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Figure 13: An example of the library results obtained for each of the fibers.  This particular result was for fiber 6.  
Kanekalon Modacrylic was the top result for this fiber. 
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The next step was using the optical properties of the sample fibers and comparing 
to known literature.  Table 8 summarizes the results of the optical properties examined.   
 
Table 8: Optical Property Results 
 
 
 
 
 
 
Fiber Sign of 
Elongation 
Retardation Thickness Birefringence Extinction 
1 - First Order ~10µm 0.003 Parallel 
2 - First Order ~9µm 0.003 Parallel 
3 - First Order ~5µm 0.003 Parallel 
4 - First Order ~9µm 0.003 Parallel 
5 - First Order ~7µm 0.003 Parallel 
6 - First Order ~8µm 0.003 Parallel 
7 - First Order ~9µm 0.003 Parallel 
8 - First Order ~8µm 0.003 Parallel 
9 - First Order ~9µm 0.003 Parallel 
10 - First Order ~11µm 0.003 Parallel 
11 - First Order ~7µm 0.003 Parallel 
12 - First Order ~7µm 0.003 Parallel 
13 - First Order ~7µm 0.003 Parallel 
14 - First Order ~6µm 0.003 Parallel 
15 - First Order ~7µm 0.003 Parallel 
16 - First Order ~7µm 0.003 Parallel 
17 - First Order ~15µm 0.002 Parallel 
18 - First Order ~6µm 0.003 Parallel 
19 - First Order ~8µm 0.003 Parallel 
20 - First Order ~8µm 0.003 Parallel 
21 - First Order ~6µm 0.003 Parallel 
22 - First Order ~4µm 0.002 Parallel 
23 - First Order ~9µm 0.003 Parallel 
AVG - First Order ~8µm 0.003 Parallel 
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According to the McCrone Atlas of Microscopic ParticlesÔ, the optical properties 
of modacrylic fall in the ranges of: 
 
Table 9: The Optical Properties of Modacrylic According to the McCrone Particle 
AtlasÔ 
(“McCrone Atlas of Microscopic Particles,” 2019). 
 
When looking at other references it states that it is possible for the sign of 
elongation of a modacrylic fiber to be negative (Robertson & Grieve, 1999). 
 
Combining the results of the ATR and the optical properties I was able to conclude 
that the fibers were in fact modacrylic, as the manufacturer stated.  After it was confirmed 
that the fibers were modacrylic the next portion was to collect the absorption spectra of all 
the fibers.  Figure 14 is displaying an overlay of the spectra obtained from fibers 1-20 
oriented perpendicular to the polarizer. 
Fiber Sign of 
Elongation 
Retardation Thickness Birefringence Extinction 
From Literature  + First Order Varies 0.002 Parallel 
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. 
 
 
 
 
 
 
 
Figure 14: An overlay of the spectra obtained from fibers 1-20 perpendicular to the polarizer. 
 
 
You are able to reduce the fibers into groups based on the overall shape of the 
spectra.  The first group of fibers are characterized by a larger peak at approximately 
650nm.  The fibers included in this group are 3, 4, 8, 15, 16, 17, and 20.  With these fibers 
not only is the peak at 650nm slightly different from fiber to fiber, the spectra also differ 
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in the 450-600nm range.  There are slight variations in the shapes of the spectra itself. You 
are able to observe this in Figure 15, as well as the major peaks in Table 10.  The remainder 
of the spectra presented are followed by a table listing the major peak(s). 
 
. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 15: An overlay of the spectra obtained from fibers 3, 4, 8, 15, 16, 17, and 20 perpendicular to the 
polarizer. 
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Table 10: Major Peaks in Fibers 3, 4, 8, 15, 16, 17, and 20 
Fiber Major Peak 1 Major Peak 2 Major Peak 3 
3 654.03 746.72 599.03 
4 652.68 746.41 544.14 
8 654.06 764.73 N/A 
15 653.35 746.64 599.02 
16 654.06 746.51 544.82 
17 654.70 746.30 544.48 
20 653.22 745.19 515.44 
Table 10: In the table above ‘N/A’ represents when there is no major peak present in that general area 
 
 
The next group of fibers that have similarities in overall shape of the spectra are 
fibers: 1, 2, 5, 6, 7, 9, 10 11, 12, 13, 14, 18, and 19.  These fibers all have a small peak at 
approximately 750nm.  Along with that small characteristic peak there are slight variations 
in the spectral shape in the 500-700nm range.  When looking at these slight variations you 
are able to differentiate one fiber from another.  Figure 16 is displaying an overlay of the 
spectra of fibers 1, 2, 5, 6, 7, 9, 10 11, 12, 13, 14, 18, and 19 oriented perpendicular to the 
polarizer. 
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Figure 16: An overlay of the spectra obtained from fibers 1, 2, 5, 6, 7, 9, 10 11, 12, 13, 14, 18, and 19 
perpendicular to the polarizer. 
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Table 11: Major Peaks in fibers 1, 2, 5, 6, 7, 9, 10 11, 12, 13, 14, 18, and 19 
Table 11: In the table above ‘N/A’ represents when there is no major peak present in that general area 
 
All spectra taken perpendicular to the polarizer are able to be differentiated from 
one another even though they appear similar.  Each of these twenty different fibers have 
spectra that are characteristic to themselves.  Images of the spectra obtained from the three 
control fibers, as well as an overlay of the 15 replicates obtained from each individual fiber 
oriented perpendicular to the polarizer appears in Appendix C. 
 After taking the absorption spectra perpendicular to the polarizer, the absorption 
spectra were taken on a 45-degree angle to the polarizer.  Figure 17 is displaying an overlay 
Fiber Major Peak 1 Major Peak 2 Major Peak 3 
1 636.58 746.64 580.71 
2 622.11 745.97 510.63 
5 622.26 746.41 515.68 
6 622.63 746.41 515.68 
7 653.92 746.51 515.67 
9 619.29 746.25 578.83 
10 619.80 745.75 518.41 
11 637.42 746.65 N/A 
12 640.14 746.59 544.14 
13 639.18 746.46 N/A 
14 654.14 746.53 N/A 
18 N/A 746.98 N/A 
19 N/A 746.99 N/A 
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of the spectra obtained from fibers 1-20 obtained when the fiber was oriented on a 45-
degree angle to the polarizer. 
 
 
 
 
 
Figure 17: An overlay of the spectra obtained from fibers 1-20 on a 45-degree angle to the polarizer. 
 
 
Just as the spectra that were taken perpendicular to the polarizer, these spectra are 
also able to be broken into groups based off of similarities in the overall spectra.  The first 
group of fibers includes fibers 1, 2, 5, 6, 7, 9, 10, 11, 12, 13, 14, 18, and 19.  These fibers 
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have a rounder and broader peak at approximately 650nm compared to the other group of 
fibers.  Along with the slight differences in the peak at approximately 650nm, there are 
differences in the spectra in the 400-550nm region.  Figure 18 is displaying an overlay of 
the spectra obtained from fibers 1, 2, 5, 6, 7, 9, 10, 11, 12, 13, 14, 18, and 19 oriented on a 
45-degree angle to the polarizer. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 18: An overlay of the 
spectra obtained from fibers 1, 2, 5, 6, 7, 9, 10, 11, 12, 13, 14, 18, and 19 
on a 45-degree angle to the polarizer. 
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        Table 12: Major Peaks in Fibers 1, 2, 5, 6, 7, 9, 10, 11, 12, 13, 14, 18, and 19 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 12: In the table above ‘N/A’ represents when there is no major peak 
present in that general area. 
 
 
Included in the next group of fibers is 3, 4, 8, 15, 16, 17, and 20.  This group was 
separated from the other group due to its sharper peak at approximately 650nm.  Along 
with the variations at the 650nm peak, there are larger variations in the spectra in the region 
of 400-550nm.  Figure 19 is displaying an overlay of the spectra obtained from fibers 3, 4, 
8, 15, 16, 17 and 20 oriented on a 45-degree angle to the polarizer. 
 
Fiber Major Peak 1 Major Peak 2 Major Peak 3 
1 649.64 464.86 748.41 
2 637.77 429.16 N/A 
5 636.85 426.61 N/A 
6 642.16 N/A 726.77 
7 655.70 427.89 N/A 
9 637.80 460.39 N/A 
10 631.61 427.90 N/A 
11 646.59 460.73 N/A 
12 646.93 454.04 N/A 
13 647.26 462.44 N/A 
14 656.74 428.81 N/A 
18 677.45 427.20 N/A 
19 676.64 N/A N/A 
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Figure 19: An overlay of spectra obtained from fibers 3, 4, 8, 15, 16, 17, and 20 on a 45-degree angle 
to the polarizer 
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Table 13: Major Peaks in Fibers 3, 4, 8, 15, 16, 17, and 20 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 13: In the table above ‘N/A’ represents when there is no major peak present in that general 
area 
 
 
After the absorbance spectra were collected the next step was to collect and view 
the fluorescence spectra for each fiber.  The first set of filters used was the UV filter 
combination that  is displayed in Table 14.   
 
Table 14: UV Excitation Filters 
 
 
 
 Figure 20 is displaying an overlay of the spectra obtained from fibers 1-20 using 
the UV excitation filters shown in Table 14.  
 
 
Fiber Major Peak 1 Major Peak 2 Major Peak 3 
3 656.04 463.80 747.99 
4 655.01 427.18 724.93 
8 655.37 458.83 N/A 
15 656.04 430.19 N/A 
16 656.04 424.09 N/A 
17 654.36 426.35 N/A 
20 655.37 427.90 N/A 
Filters Excitation 
Filter(s) 
Dichroic Mirror  Barrier 
Filter(s) 
UV Filters UG-1 U (DM-400 +L-
410) 
L-420 and 
up 
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Figure 20: Overlay of the spectra obtained from fibers 1-20 with the UV excitation filters. 
 
Just as all the other spectra obtained so far, the spectra obtained using the UV 
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together due to the double peak that is present in the spectra at approximately 450nm and 
500nm.  This group of fibers are able to be differentiated from one another due to overall 
spectral differences.  Using peak to valley ratios as well as differences in the 550-700nm 
range were also of use to aid in differentiation.  Figure 21 is showing an overlay of the 
spectra obtained from fibers 1, 3, 9, 11, 12, 13, 18 and 19 using the UV excitation filter 
combination.   
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Figure 21: An overlay of the spectra obtained from fibers 1, 3, 9, 11, 12, 13, 18, and 19 with the UV 
excitation filters. 
 
 
Table 15: Major Peaks in Fibers 1, 3, 9, 11, 12, 13, 18, and 19 
Fiber Major Peak 1 Major Peak 2 Major Peak 3 
1 663.45 499.45 442.53 
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3 665.66 499.45 443.45 
9 655.98 500.22 443.46 
11 663.05 502.14 443.69 
12 662.99 499.18 443.70 
13 663.08 499.06 443.63 
18 N/A 499.54 444.88 
19 N/A 499.12 444.73 
Table 15: In the table above ‘N/A’ represents when there is no major peak present in that general area 
 
 
The next group of fibers includes 4, 8, 16, 17, and 20.  These fibers were grouped 
together due to a large peak at approximately 675nm.  As well as the slight differences at 
this peak, there are spectral differences in the 450-650nm that allows one to differentiate 
one fiber from another.  For example, Fiber 17 has a very distinct double peak while none 
of the others do.  Figure 22 is showing an overlay of the spectra obtained from fibers 4, 8, 
16, 17 and 20 using the UV excitation filter combination.  
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Figure 22: An overlay of the spectra obtained from fibers 4, 8, 16, 17, and 20 with the UV excitation 
filters 
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Table 16: Major Peaks in Fibers 4, 8, 16, 17, and 20 
 
 
The next grouping of fibers includes 7, 14, and 15.  These fibers were grouped 
together due to the peak at 500nm and the peak at approximately 675nm.  Fiber 14 and 15 
have similarities in the peak at 500nm, however the peak height ratios between the two 
peaks of the different fibers allows you to differentiate one from another.  Figure 23 is 
displaying an overlay of the spectra obtained from fibers 7, 14, and 15 using the UV 
excitation filter combination.  
 
 
 
Fiber Major Peak 1 Major Peak 2 
4 665.61 505.56 
8 669.27 498.96 
16 665.73 505.57 
17 668.27 513.06 
20 665.74 500.28 
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Figure 23: An overlay of the spectra obtained from fibers 7, 14, and 15 with the UV excitation filters. 
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Table 17: Majors Peaks in Fibers 7, 14, and 15 
Fiber Major Peak 1 Major Peak 2 
7 664.28 499.08 
14 664.29 500.24 
15 667.70 500.21 
 
 The next grouping of fibers includes fibers 5, 6, and 10.  These fibers were all 
grouped together due to the large peak at approximately 500nm and the small peak at 
approximately 650nm.  All these fibers are very similar in spectral shape, with differences 
in intensities.  Figure 24 is displaying an overlay of the spectra obtained from fibers 5, 6, 
and 10 using the UV excitation filters and Table 18 is showing the major peaks in each of 
those spectra. 
 
Table 18: Major Peaks in Fibers 5, 6, and 10 
 
 
Fiber Major Peak 1 Major Peak 2 
5 644.98 505.66 
6 639.79 505.59 
10 647.12 505.56 
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Figure 24: Overlay of the spectra obtained from fibers 5, 6, 10 with the UV excitation filters. 
 
 
 Lastly, there is fiber 2.  Fiber 2 was placed in a group all by itself because it doesn’t 
resemble any of the other fibers.  You can see it has a triple peak from approximately 500-
600nm as well as a small hump at approximately 650nm.  Figure 25 is showing the spectra 
obtained from fiber 2 using the UV excitation filter combination.  
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Figure 25: Image of the spectra obtained from fiber 2 using the UV excitation filters. 
 
Once the UV exciting filters for all samples were completed, spectra were taken 
of each fiber using the following blue excitation filter combination:   
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Table 19: Blue Excitation Filters 
 
 
 
An image of all 20 fibers with the blue excitation filters is displayed in Figure 26.  
It is shown that all fibers yet again have very similar spectra compared to one another.  But 
this is what you would expect from fibers that appear visually similar to the eye. 
             Figure 26: An overlay of the spectra obtained from fibers 1-20 using the blue excitation filters 
Filters Excitation 
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Dichroic Mirror  Barrier 
Filter(s) 
Blue Filters BG-12 (2PCS) B (DM-500 +O-
515) 
Y-495 and 
up 
500 600 700 800
2000
4000
6000
8000
10000
12000
14000
16000
18000
20000
R
el
at
iv
e 
In
te
ns
ity
Wavelength (nm)
 Fiber 19
 Fiber 20
 Fiber 1
 Fiber 2
 Fiber 3
 Fiber 4
 Fiber 5
 Fiber 6
 Fiber 7
 Fiber 8
 Fiber 9
 Fiber 10
 Fiber 11
 Fiber 12
 Fiber 13
 Fiber 14
 Fiber 15
 Fiber 16
 Fiber 17
 Fiber 18
 
 
 
 
66 
 The first grouping of fibers using the blue filters is 1, 4, 7, 11, 12, 13, 14, 15, 16 
and 20.  These fibers were grouped together due to the peak at approximately 675nm.   
Along with that peak, all fibers contain a valley at approximately 625nm and another peak 
at approximately 525nm.  With those three similar characteristics between all these fibers 
the differences occur in the other spectral regions.  Either how wide the peak or valley is, 
or the relative heights of the peak to valley compared to one another are two examples of 
differences between these spectra.  As well as general spectral shape, are all examples of 
how these fibers can be differentiated from one another.  Figure 27 is displaying an overlay 
of the spectra obtained from fibers 1, 4, 7, 11, 12, 13, 14, 15, 16 and 20 using the blue 
excitation filter combination.  
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Figure 27: An overlay of the spectra obtained from fibers 1, 4, 7, 11, 12, 13, 14, 15, 16 and 20 using 
blue excitation filters. 
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Table 20:  Major Peaks in Fibers 1, 4, 7, 11, 12, 13, 14, 15, 16 and 20 
 
 
The next group of fibers include: 5, 6, 9, 10, 18, and 19.  These fibers are all grouped 
together due to the peak at approximately 550nm.    Figure 28 is showing an overlay of 
fibers 5, 6, 9, 10 18 and 19 obtained using the blue excitation filter combination.  
 
 
 
 
 
 
 
Fiber Major Peak 1 Major Peak 2 
1 662.25 535.79 
4 666.22 536.54 
7 664.55 535.66 
11 663.77 535.86 
12 664.91 535.74 
13 664.93 535.77 
14 664.92 535.67 
15 667.47 535.79 
16 666.56 536.18 
20 666.45 535.75 
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Figure 28: An overlay of the spectra obtained from fibers 5, 6, 9, 10, 18, and 19 using blue excitation 
filters. 
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Table 21: Major Peak in Fibers 5, 6, 9, 10, 18, and 19 
 
 
The next grouping of fibers includes fiber 2 and 17.  These fibers were grouped 
together due to the double peak that occurs between 500 and 600nm.  You can see the 
difference in the peak shape at this position as well as the fact that fiber 17 has a very large 
peak at approximately 675nm allows one to differentiate between these two fibers.  In 
Figure 29 you are able to view the two spectra obtained from fibers 2 and 17 using the blue 
excitation filter combination.  
Fiber Major Peak 
5 537.72 
6 536.94 
9 535.75 
10 536.43 
18 535.72 
19 535.71 
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Figure 29: Overlay of the spectra obtained from fibers 2 and 17 using blue excitation filters. 
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Table 22: Major Peak in Fibers 2 and 17 
 
 
 
 
 
The last group of fibers includes fibers 3 and 8.  These two fibers were grouped 
together due to the large peak at approximately 675nm.  When assigning peaks, one is able 
to see that the two peaks are 3nm apart from each other as well as the fact that fiber 8 has 
a peak that is much more intense than fiber 3.  Figure 30 is displaying the spectra obtained 
from fibers 3 and 8 using the blue excitation filter combination.  
 
Fiber Major Peak 
2 670.87 
17 668.01 
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Figure 30: Overlay of the spectra obtained from fibers 3 and 8 using blue excitation filters 
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Table 23: Major Peak in Fibers 3 and 8 
 
 
  
 
After the combination of the blue exciting filters, the last set of filters used were 
green exciting filters.  A reminder of that combination appears below: 
 
    Table 24: Green Excitation Filters 
 
 
 
Using this set of exciting filters, the barrier filter blocks all waves of light under 
530, leaving the viewed area of the spectrum between 550 and 800nm.  An overlay of all 
20 fibers appear in Figure 31.  
 
 
Fiber Major Peak 1 
3 667.01 
8 670.09 
Filters Excitation 
Filter(s) 
Dichroic Mirror  Barrier 
Filter(s) 
Green Filters IF-545 + BG-
36 
G (DM-580 + O-
590) 
O-530 and 
up 
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Figure 31: Overlay of spectra obtained from fibers 1-20 using green excitation filters. 
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From looking at these spectra you can see that the fibers are able to be divided into 
four separate groups.  The first group contains fibers 1, 3, 4, 7, 8, 14, 15, 16, 17, and 20.  
These fibers were grouped together based on the two distinct peaks that appear in the 
spectra.  Although these appear very similar, if you look closely there are very small 
differences in each spectrum.  How wide the peaks are at 600nm, or the peak to height 
ratios of the two different peaks present in these spectra.  Figure 32 is displaying an overlay 
of the spectra obtained from fibers 1, 3, 4, 7, 8, 14, 15, 16, 17, and 20 using the green 
excitation filter combination. 
Figure 32: Overlay of spectra obtained from fibers 1, 3, 4, 7, 8, 14, 15, 16, 17, and 20 using 
green excitation filters. 
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Table 25: Major Peaks in Fibers 1, 3, 4, 7, 8, 14, 15, 16, 17, and 20 
 
The next grouping of fibers includes 5, 6, 9, and 10.  These fibers were grouped 
together due to their lack of detail in each spectrum.  As well as the lack of detail there is 
a large broad peak at approximately 650nm.  Although these fibers spectra are similar using 
this combination of filters, when absorbance is used the spectra are able to be differentiated 
from one another. In Figure 33 an overlay of the spectra obtained from fibers 5, 6, 9 and 
10 using the green excitation filter combination is displayed.  
 
 
 
Fiber Major Peak 1 Major Peak 2 
1 661.82 598.63 
3 665.48 599.30 
4 664.99 598.86 
7 663.54 602.26 
8 668.64 598.52 
14 663.63 600.83 
15 667.22 602.19 
16 665.65 599.26 
17 667.54 599.36 
20 665.11 602.36 
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Figure 33: An overlay of spectra obtained from fibers 5, 6, 9, and 10 using green excitation filters. 
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Table 26: Major Peak in Fibers 5, 6, 9 and 10 
 
 
 The last grouping of fibers includes 11, 12, and 13.  These fibers were grouped 
together due to the peak at approximately 660nm as well as the lack of detail in the overall 
spectral shape as opposed to the first grouping of fibers.   Figure 34 is displaying an overlay 
of the spectra obtained from fibers 11 and 12 using the green excitation filter combination.  
 
Fiber Major Peak 
5 651.79 
6 649.07 
9 651.79 
10 651.72 
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Figure 34: Overlay of spectra obtained from fibers 11, 12, 13 using green excitation filters 
 
Table 27: Major Peak in Fibers 11, 12, 13 
Fiber Major Peak 
11 663.62 
12 663.75 
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13 663.71 
 
  
Lastly, fiber 2 is separated into a group all on its own.  Fiber 2 displayed a spectrum 
unlike any of the fibers with a peak at 601.84nm.  Figure 35 is showing the spectra obtained 
of fiber 2 using the green excitation filters combination.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 35: Image of spectra obtained from fiber 2 using green excitation filters 
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 Taking all the information gathered thus far you can see that differentiating between 
synthetic brown wigs fibers is possible with the use of the microspectrophotometer.  
 
Discussion 
From what is shown in all the spectra above, differentiation in this closed set of 
visually similar synthetic wig fibers is possible.  Looking at the normalized spectra of fibers 
one is able to see that no spectrum lines up exactly with another.  As shown in the different 
groups that the spectra were divided into, there are spectra that look more similar to one 
another, than the others.  However, none of those spectra are exactly the same as another.   
Interesting enough fibers two groups of fibers were always grouped together.  The 
first grouping was 5, 6, and 10.  And the second group was 11, 12, 13. Taking a closer look 
at these two separate groups will help in showing how powerful the MSP is.  When you 
look at these 6 fibers under the microscope, they all appear very similar.  Figure 36 is 
showing fibers 5, 6, 10, 11, 12, and 13 under 200X magnification.  The top row of images 
from left to right is displaying fibers 5, 6, and 10.  The bottom row is displaying fibers 11, 
12, and 13. 
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Figure 36: The top row from left to right: fibers 5, 6, 10.  The bottom row from left to right: fibers 11, 12, 13. 
 
All the fibers above appear similar when viewed at 200X magnification.  Which 
would explain why all their spectra appear very similar and were continuously grouped 
together when the spectra were separated into the different groupings.  Although the spectra 
appear visually similar, they are still able to be differentiated from one another based on 
the small differences in each of their spectra.   
The absorbance spectra taken perpendicular to the polarizer all have spectral 
differences in the 450-650nm range.  When you zoom into the spectral range of 500 -
550nm the differences are very apparent.  Some of the fibers contain two little humps that 
are of different peak to height ratios from one another, making differentiating them from 
one another easy.  For the others the broadening of the hump in this area is different for 
each fiber, again allowing for differentiation.  With the different heights of the peak at 
650nm all combined allows separating these fibers with similar general and visual 
characteristics possible. 
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The absorbance spectra taken on a 45-degree angle to the polarizer all have spectral 
differences in the 375-575nm range.  When you zoom into the 400-500nm range all the 
little differences in these spectra become very apparent.  There are some spectra that have 
a very uniform hump in various locations as well as fibers that have a double hump with 
different heights that allow easy differentiation.  These along with the different heights of 
the peak at 650nm display all the differences in the spectra.   
Continuing the close examination of fibers 5, 6, and 10, as well as 11, 12, and 13 
one can see that looking at the spectra from the UV excitation filters fibers 5, 6, and 10 all 
contain the small peak at approximately 650nm.  All these fibers are very similar in spectral 
shape, with differences in intensities which allow for differentiation.  For fibers 11, 12 and 
13 in order to differentiate the very similar spectra, peak to valley ratios must be taken into 
account. 
For the blue excitation filters all spectra have differences in the 550-650nm range 
as well as 700-800nm range.  The small differences in these spectral ranges in combination 
with the differences in the peak heights at 625nm all aid in discrimination of one fiber from 
another.  For fibers 5, 6 and 10 fibers 5 and 10 have very similar spectra while fiber 6 has 
very different characteristics when examined closely.  Fibers 11, 12 and 13 are all very 
similar in spectral shape and peak assignments.  Looking at the different peak intensities 
allows differentiation between these three spectra. 
And lastly, for the green excitation filters there were very slight differences in 
where the valley at approximately 675nm touches the x-axis.  With those slight differences, 
as well as the slight differences in the 600-650nm range and the 700-800nm range make 
each fiber different from one another spectrally. For both the set of fibers 5, 6 and 10 as 
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well as 11, 12 and 13 the green excitation filters produced spectra that were too similar to 
be differentiated.   
 Throughout the literature there are many articles that show how the MSP is used to 
differentiate between similar colors and different fiber types.  There are many articles on 
cotton, nylon, and polyester fibers, both colorless and dyed, as well as fluorescence of these 
different fiber types.  One article by Morgan et. al, 2004, mentioned in the Literature 
Review Section claims that fluorescence gives better results.  However, I disagree with 
that.  I feel that my absorbance results gave spectra that are better differentiated from one 
another based on the visual spectral differences. 
 Another article by Was-Gubala and Starczak, 2015b, also mentioned in the 
Literature Review Section claims that the information obtained in the UV range is very 
useful in differentiating between fibers.  I do not either agree or disagree with this 
statement.  I have no information to compare due to the limitations of the instrument I 
personally used.  However, considering how expensive the optics are adding UV spectra 
seems unnecessary to me.  With the information gathered in the visible range alone I was 
able to differentiate between the 20 different fibers. 
 As stated in the Results section, there were a few fibers that were very similar 
according to the fluorescence measurements alone.  Combining the absorbance 
measurements and the different combinations of fluorescence data increases the 
differentiation power.  Comparing five different spectra from one fiber to the five 
corresponding spectra taken from another fiber, which had appeared similar to the eye, and 
not seeing a single one overlap shows how truly powerful this technique can be. 
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From the work shown I am able to conclude that absorbance spectra in the visible 
range provide high quality results that allow for differentiation between visually similar 
light brown modacrylic wig fibers.   
 For future work there could be a few different directions to take.  A huge advantage 
of MSP is that it is nondestructive.  A researcher or scientist can take that same sample and 
perform more tests, whether they be destructive or not.  An example of another test would 
be to extract the dyes present in the fibers and analyze them using TLC or HPLC.  The 
structural makeup of the dye can also be determined using different instrumental 
techniques such as Raman or Mass Spectrometry.  A follow up project could collect MSP 
data on different color hairs or expand more brown shades, for example by expanding 
fluorescent analysis using different combinations. Multivariate statistical analysis could be 
performed as well in order to show just how different each spectrum is from one another. 
The more tests that are performed the more information is gathered.   With more 
information you can more definitively state whether a questioned and a known fiber have 
common origin.   
 Overall, the MSP provides a quick nondestructive method to differentiate different 
fibers that appear visually similar to each other.  The information gathered here is a first 
step in showing its usefulness in hair/fiber related examinations, along with highlighting 
all the work that has been previously done.  The data collected for this research also shows 
the power of the MSP in differentiating between colors.  As stated in the literature the MSP 
can achieve this yet there are very few articles displaying this power.  This project on wig 
fibers of similar light brown shades, that were all successfully separated, demonstrates how 
powerful and under-utilized this instrument truly is. 
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Appendix A: Fiber Key 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fiber Number Kanekalon Swatch Label 
1 SFK18 
2 SF9 
3 SF12 
4 SF14 
5 IIKN10 
6 IIKN12 
7 IIKN26 
8 IIKN11 
9 IIKN9 
10 IIKN8 
11 III18 
12 III10 
13 III17 
14 21 
15 K-12 
16 14 
17 17 
18 10 
19 K18 
20 12 
21 III29 
22 IIKN52 
23 SFKB88 
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Appendix B: ATR Spectra  
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Appendix C: Absorbance Spectra 45-Degrees to Polarizer- Overlay of 15 Replicates 
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Appendix D: Absorbance Spectra Perpendicular to Polarizer- Overlay of 15 
Replicates 
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Appendix E: Fluorescence Spectra- UV Filters- Overlay of 15 Replicates 
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Appendix F: Fluorescence Spectra- Blue Filters- Overlay of 15 Replicates  
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Appendix G: Fluorescence Spectra- Green Filters- Overlay of 15 Replicates  
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